Introduction: Child maltreatment is prevalent globally. In Papua New Guinea (PNG), child maltreatment remains an under-reported problem. Methods: As part of a 10 month prospective observational study conducted at Modilon Hospital in PNG, we investigated the burden of child maltreatment in the form of sexual abuse, physical abuse and neglect, leading to hospitalization in children 14 years. Results: Of 1061 screened admissions, 107 (10%) fulfilled the definition of child maltreatment. The in-hospital admission prevalence of sexual abuse was 5.7% [60 of 1061; 95% confidence interval (CI): 4.4-7.3]. Neglect accounted for 3.4% (36 of 1061; 95% CI: 2.4-4.7) of admissions, while physical abuse accounted for 1.0% (11 of 1061; 95% CI: 0.6-1.9). Mortality was highest in the neglected group, with severe acute malnutrition accounting for 89% of deaths. Conclusion: Improved awareness, establishment of appropriate channels for addressing child maltreatment and enforcement of child protection laws in PNG and other epidemiologically similar settings are urgently needed.
B A C K G R O U N D
Child maltreatment is prevalent globally but is often under-reported [1] . Child maltreatment in the form of physical, sexual or emotional abuse and/or ill treatment or neglect can result in significant psychological, emotional and physical injuries that often permanently affect children [2] . These can lead to social and psychological problems encountered in adulthood. Even in developed countries, firm data on the epidemiology of child maltreatment are limited [3] . In developing countries, there is limited awareness on the burden of child maltreatment, and the problem is virtually neglected and rarely discussed in most instances owing to multiple factors, including the sensitivity of child abuse, cultural beliefs and the difficulties of solving problems in a developing-country context [1, 4] .
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In the East Asia and Pacific region, the estimated economic value of Disability-Adjusted Life Years lost to child maltreatment has been recently estimated to be US $151 billion [5] . Despite this, in Papua New Guinea (PNG), a developing country in the Southwest Pacific region, child maltreatment remains a neglected and under-reported problem. Even when a case of child maltreatment is reported to appropriate authorities such as the police, there is often a lack of appropriate channels within the law and justice sector to appropriately address child maltreatment. The United Nations Children's Fund reports PNG as being a country with a significant burden of community-based physical abuse ranging from 40 to 75% [2] . However, there have been no published data on the burden of child maltreatment presenting in the form of sexual abuse, physical abuse and neglect leading to hospitalization in this setting.
As part of ongoing paediatric studies on the north coast of mainland PNG, we investigated the burden of child maltreatment as a cause of hospitalization in children admitted to Modilon Hospital, predominantly from rural areas of Madang Province.
M E T H O D S

Study site and design
The present study is a prospective observational study conducted at Modilon Hospital, Madang Province, between April 2014 and February 2015. This hospital serves a predominantly rural provincial population of approximately 450 000 and is the main referral centre in Madang Province. The paediatric division of the hospital is composed of a 40-bed General Ward, Children's Outpatient Department and a Special Care Nursery. The hospital has been the site of a number of paediatric studies over the past 5 years [6] [7] [8] [9] , but there has been no previous study on child maltreatment in this setting. Although the local HIV prevalence rate is <1% [10] , tuberculosis is highly endemic with incidence rates as high as 1290 infected people per 100 000 being previously reported in some parts of the country [11] . Severe malaria owing to Plasmodium falciparum and Plasmodium vivax is still common [12] , and childhood meningitis [13, 14] , malnutrition [15] and neonatal sepsis [16] are major causes of morbidity and mortality in this setting.
Definition of maltreatment and enrolment of participants For the purposes of this study, child maltreatment was defined as any form of physical and/or ill treatment including sexual abuse and neglect or negligent treatment leading to ill health [2] , and hospitalization. Because poverty is common and often intertwined with malnutrition in our setting [15] , poor families who strive to care for their children in the best possible way despite their hardships may be incorrectly classified as negligent. Therefore, a careful screening based on a detailed interview, history of the presenting complaint, risk factors such as financial hardship as well as examination findings and clinical judgement were used to differentiate deliberate from non-deliberate neglect. To allow for standardization and uniformity, a single investigator (A.R.) conducted all the interviews that were verified by a senior paediatrician (J.A.) to differentiate deliberate from non-deliberate neglect.
Emotional abuse such as verbal insult, bullying and emotional ill treatment were not included in the present study because these forms of child abuse, though common in PNG [2] , do not usually lead to hospitalization.
Patients and clinical procedures
Inclusion criteria included (i) a written informed consent, (ii) age 14 years and (iii) a history or evidence of sexual abuse, physical abuse and/or neglect. After determining eligibility, routine investigations such as pelvic and/or perineal examinations in patients with reported sexual abuse were performed by the obstetric team (J.W.B., R.V., M.M.). Investigations to rule out sexually transmitted infections such as HIV, syphilis and gonorrhoea were also performed. Laboratory investigations for other sexually transmitted infections were not routinely available. Radiographic investigation, particularly in patients with physical abuse, was performed where indicated. All patients were treated as in-patients. 
Ethical approval
For each child, a signed informed consent was obtained from a parent or guardian, and the present study was approved by the Modilon Hospital Ethics Committee (MHEC 15.04) as well as the University of PNG School of Medicine and Health Sciences Ethics Committee.
R E S U L T S
Patients
During the 10 month study period, 1061 hospitalized children were screened; 929 were excluded as they had no evidence of child maltreatment, while 30 were classified as non-deliberate neglect (Fig. 1) . The reminding 107 children (10%; 95% CI: 8.0-14.0) fulfilled the definition of child maltreatment. Fifty-seven children (53%) were under the age of 5 years and 34 (32%) were males. Sexual abuse accounted for 56% of all child-maltreatment admissions to the Paediatric Wards, while deliberate neglect and physical abuse accounted for 34% and 10%, respectively. Five children experienced two or more types of abuse, three with sexual and physical abuse and two with neglect and physical abuse (Fig.  1) . The majority of children (54%) resided in rural settings followed by 34% in peri-urban settlements and 12% within the township of Madang.
Compared with children with non-sexual abuse (neglect and physical abuse), a significant majority of sexually abused children were females (83% vs. 51%, Fisher's exact test p < 0.001; Table 1 ). Of the 59 children who were sexually abused and investigated, none tested positive for HIV, syphilis or gonorrhoea at the time of admission.
In-hospital admission prevalence of maltreatment The prevalence of sexual abuse leading to hospitalization during the study period was 5.7% (60 of 1061; 95% CI: 4.4-7.3). The prevalence of deliberate neglect was 3.4% (36 of 1061; 95% CI: 2.4-4.7), while the prevalence of physical abuse leading to hospitalization was 1.0% (11 of 1061; 95% CI: 0.6-1.9).
Mortality and risk factors
Mortality was highest in the neglected group with a case fatality rate of 22% (Table 1) , with severe acute malnutrition accounting for eight of the nine deaths (89%) in the present study. The only other death not associated with malnutrition occurred in a newborn baby, born to a teenage mother that was classified as both physical abuse and neglect after the baby was found abandoned with evidence of strangulation leading to death. Compared with children who suffered sexual or physical abuse, those in the neglected group were young, adopted, born to teenage parents and/or born in families with closely spaced births ( Table 1 ). In the neglected group, severe acute malnutrition, followed by tuberculosis and HIV with opportunistic infections, was the leading cause of hospital admissions, while generalized body bruises and fracture were leading causes in the physical abuse group (Table 2) . Although the prevalence of HIV in Madang Province remains <1% [10] , in the present study, a higher proportion (14%) of neglected children were HIV positive (Table 1) .
D I S C U S S I O N
The present prospective observational study is the first published article from PNG to report child maltreatment leading to hospitalization in a predominantly rural population. Of the 1061 screened admissions, the overall prevalence rate of child maltreatment during the study period was 10%. This shows that child maltreatment has been an underreported diagnosis in PNG, a finding that is likely to have similar implications for many other developing countries. Of the various forms of child maltreatment, a significant number of neglected children died, particularly from severe acute malnutrition. The five children in more than one category (Fig. 1) are included in all applicable categories.
Burden of Child Maltreatment Leading to Hospitalization 285
Although neglect may be a cause or effect of malnutrition, the present study shows that it is a clinically important form of child maltreatment in PNG. Sexual abuse as a severe form of child maltreatment affected predominantly girls, while physical abuse, though common [2] , did not result in a significant number of childhood hospitalizations. The PNG Paediatric Society acknowledges that the burden of child maltreatment remains grossly under-estimated [17] . For instance, of 20 974 admissions throughout PNG in 2014, only 35 cases were reported for that year. This may be owing to the fact that the majority of patients with maltreatment were being managed as out-patients, or if admitted, such children are often classified as being admitted owing to other reasons because of the limitations of the public health surveillance system, or possibly because of the low index of clinical suspicion by the attending clinician. However, sometimes parents or guardians prefer not to report cases of child maltreatment owing to the sensitivity of this diagnosis or in fear of being reprimanded by healthcare providers for not caring for and protecting their children.
From a developing-country perspective, the sensitive nature of severe forms of child maltreatment such as sexual abuse is often complicated by the lack of proper channels to address child maltreatment. There are no proper social services and surveillance, and follow-up of victims of child maltreatment is often difficult. This situation is further compounded by cultural beliefs that can profoundly affect decisions to seek help, complicating the challenge for paediatricians and/or obstetricians (in the case of sexual abuse), who are often the primary people dealing with severe forms of child maltreatment in resource-limited settings [4] .
Furthermore, improper penalties, such as out-ofcourt settlements, including compensation to the relatives of the affected child, are often widely practiced in developing countries such as PNG [18] . Sadly, the affected child receives no benefit from such practises and continues to live with the social, psychological or physical disabilities of child abuse, while the perpetrator is freed by the act of compensation. This highlights the urgent need to improve and enforce child protection policies in PNG as well as in other epidemiologically similar settings.
The present study had a number of limitations. First, severe acute malnutrition was the leading cause of death in the present study, but the broad definition of child maltreatment including neglect can be ambiguous in developing-country settings where poverty and illiteracy are high. Despite this, every attempt was made to carefully screen using detailed interviews, history of the presenting complaint, associated risk factors as well as examination findings and clinical judgement to differentiate deliberate from non-deliberate neglect. Secondly, we were unable to actively follow up children. As the majority of children were from rural communities, follow-up was logistically not possible. A further limitation of the present study was our inability to compare risk factors of the 929 excluded non-abused children with the 107 children who suffered maltreatment. Finally, physical abuse had the lowest in-hospital prevalence rate in the present study. However, it is common knowledge that in many developing countries including PNG, rates of child physical abuse is high [2] , but we were unable to capture this in the present study because of the hospital-based nature of this study. Note. Data are numbers (percentage). Some children had more than one clinical diagnosis but only the primary diagnosis is presented.
In conclusion, the present study shows that deliberate neglect is an important but under-reported associated cause of death in malnourished children in PNG. The study further shows that child maltreatment in the form of sexual abuse, physical abuse and neglect resulting in hospitalization is not rare in a predominantly rural population in PNG. This calls for an urgent need to increase awareness, establish appropriate channels of dealing with child maltreatment, improve child protection policies and critically advocate for the implementation of these policies.
A C K N O W L E D G E M E N T S
We sincerely thank the nursing staff of Modilon Hospital Children's Outpatient Department and the Paediatric Wards who assisted in the present study.
